EmrE is an Escherichia coli multidrug transport protein that confers resistance to a wide range of toxicants by active transport across the bacterial cell membrane. The highly hydrophobic polytopic integral membrane protein has been purified and studied in its full-length form by high-resolution NMR spectroscopy in a mixture of chloroform/methanol/water (6 :6:1, by vol.). Full activity is maintained after reconstitution of the protein into proteoliposomes from this solvent mixture. A series of heteronuclear ( 1 H-15 N) two-and three-dimensional experiments, as well as triple resonance experiments, were applied to the 110-residue protein and led to the assignment of the 1 H, 15 N and a large part of the
a heterooligomer composed of two other polypeptides (subunits previously described [21] , were added. To 30 ml membrane suspension, 120 µl membranes containing [ 35 S]EmrE (3.4 µg proa and b) and about 10Ϫ12 copies of subunit c. The structure of monomeric subunit c has been determined in organic solvents tein/ml, 28000 cpm/µl) was added. Extraction was performed by addition of 500 ml chloroform/methanol (1:1 ; solvent A) in a as two antiparallel A-helices [7] and it was shown that the protein was folded in a way which retains biochemical properties 2-l separatory funnel. After thorough mixing, the suspension was kept for 15 min at 4°C, an additional aliquot of 100 ml observed in the native F 0 complex [5] .
EmrE is a homooligomer that confers resistance to a wide water was added and kept for another 10 min. Finally 250 ml solvent A were added, followed by mixing and by an additional variety of toxicants by actively removing them from the cell in exchange for protons [20Ϫ22] . It is a highly hydrophobic aliquot of 50 ml water. The mixture was incubated at room temperature until the organic lower phase became completely clear. 12-kDa protein which has been purified taking advantage of its unique solubility profile in organic solvents. Hydrophobicity The lower phase (about 400 ml), containing partially purified EmrE, was collected and stored at room temperature. analysis of the sequence yielded four putative transmembrane domains of similar sizes [20] . Results from transmission FouPurification of EmrE on hydroxyapatite. To allow for binding of EmrE to the resin, methanol (0.5 vol.) was added to rier-transform infrared measurements agree well with this hypothesis and yielded A-helical estimates of 78% and 80% for the extract. The hydroxyapatite column was prepared from about 5 g resin (High resolution, Calbiochem) which results in a EmrE in chloroform/methanol and dimyristoylglycerophosphocholine (Myr 2 GroPCho), respectively [23] . Furthermore, the 20-ml column (2.5 cm width). The column was washed with 4 vol. of each of the following solvents: chloroform/methanol/ fact that most of the amide groups in the membrane-bound protein do not undergo amide proton H/D exchange implies that water (3 :3:1) ; pure methanol; pure chloroform; chloroform/ methanol (2 :1); chloroform/methanol (1 :2). The extract was most (Ϸ80 %) of the residues are embedded in the bilayer.
Here we report the overexpression and purification of EmrE loaded on the column at low flow rate, and the column was immediately washed with 2 vol. chloroform/methanol (1:2, then and the assignment of the 1 H, 15 N and a large part of the 13 C backbone resonances as well as many of the sidechain reso-2:1, finally 1:2). EmrE was eluted with 3 vol. chloroform/methanol/water (3 :3:1). Fractions were collected and radioactivity nances from a series of 13 C or
15
N edited 3D spectra. The analysis of the secondary structure is based on the NOE pattern of was measured. Appropriate fractions were pooled and kept at Ϫ70°C. the 15 N NOESY-HSQC spectra, HN, HA, CA and CϭO chemical shifts and 3 JNH-HA coupling constants. Delipidation on a Sephadex LH20 size-exclusion column. About 80 g LH-20 lipophilic Sephadex (Pharmacia Biotech) were resuspended and washed with solvent A. The resin was used in a reusable 400-ml column (90.5ϫ2.5 cm). The column
MATERIALS AND METHODS
was kept in solvent A and reequilibrated with 1 l solvent prior to use. The pool from the hydroxyapatite column (up to 20 ml) Cell growth, induction and preparation of membranes. Escherichia coli TA15 I Q cells bearing plasmid pKK56 [21] was loaded on the Sephadex LH-20 and eluted with solvent A at a flow rate of 2 ml/min. As estimated from radioactivity, EmrE were grown in minimal medium A supplemented with thiamin (2.5 µg/ml), ampicillin (0.1 mg/ml) and glycerol (0.5%) in typically eluted in the fractions between 140Ϫ180 ml. Phospholipids were qualitatively estimated using Primulin (Sigma Chem-12-l batches. These cells are auxotrophs in which emrE is under control of the tac promoter in an I Q background. Cells were icals Co.) for detection on TLC plates with dioleoyl-L-glycerophosphoethanolamine as a standard. The main phospholipid grown at 37°C to an A 600 nm of about 0.7Ϫ0.9 and isopropyl β-D-thiogalactopyranoside was then added to a final concentration peak started to elute at around 300 ml but a small amount (about 5% of the total lipid) always eluted with EmrE. The proper fracof 0.5 mM. After 2 h, cells were collected by centrifugation and washed in lysis buffer (250 mM sucrose, 150 mM choline chlo-tions were pooled and kept at Ϫ70°C until further processing.
For drying, the sample was kept in a 30°C water bath and dried ride, 10 mM Tris/HCl pH 7.5, 0.5 mM dithiothreitol and 2.5 mM MgSO 4 ). At this stage the cell pellets can be kept at Ϫ70°C with a gentle stream of argon to about 0.1 vol. If turbidity developed during drying, a few drops of chloroform were added. At until further processing. For preparation of membrane vesicles, the cells were thawed and resuspended in lysis buffer (6 ml/g this stage the sample was transferred to 1.5-ml Eppendorf tubes and the drying process was continued, adding chloroform as wet mass) containing DNase I at 15 µg/ml. The cells were broken up by two passages through a French press at 138 MPa. The needed to prevent turbidity. The final 0.5 ml was dried on a speedvac to complete dryness. The sample was kept at Ϫ70°C. membrane vesicles (together with a small percentage of unbroken cells and cell debris) were then sedimented by centrifugation SDS/PAGE. For analysis of EmrE in SDS/PAGE, the solvent was dried and the protein was resuspended in sample at 210 000 g for 90 min at 4°C. The pellet was resuspended in lysis buffer to a concentration of 10 mg protein/ml (approxi-buffer and analyzed in 16% gels as described [24] .
Protein determination. This was performed essentially as mately 1.5 ml/g wet cells). The membrane suspension can be kept at Ϫ70°C till further processing. described in [25] . NMR experiments. All 3D NMR experiments were perFor 15 N-labeling of EmrE the ammonium sulfate in the growth medium was replaced with [
15 N]ammonium sulfate formed at 300 K on a four-channel Bruker DMX750 spectrometer, equipped with pulsed-field gradient accessory and a triple (Sigma Chemical Co.) at 0.29 g/l. For labeling also with 13 C, glycerol was replaced with D-[ 13 C 6 ]glucose (Martek Biosciences resonance probe. Some spectra for optimizing sample conditions were recorded on a similarly equipped Bruker DMX600. Proton Co.) at 0.9 g/l. When labeling with deuterium, the medium was prepared in 75% deuterated water (Martek Biosciences Co.). chemical shifts were referenced to internal tetramethylsilane, nitrogen and carbon chemical shifts in terms of the frequency raCell growth was half that in unlabeled medium and the yield of EmrE also about half.
tio The following numbers of complex points and sweep widths spectrum was acquired with 3-s proton presaturation (i.e. no 15 N{ 1 H}-NOE build-up) and another spectrum was acquired were employed in the experiments used in the present study: expressing the lac I Q repressor. Under uninduced conditions the column. Binding to this column was very efficient and EmrE was not released during thorough washings with various chlorobackground expression is very low and the levels of EmrE are undetectable [21] . Upon induction, cells stop growing and high form/methanol mixtures (Fig. 1 A) . When a small amount of water was added to the solvent mixture, a rapid and quantitative levels of EmrE are detected after 2 h as visualized on Coomassie-blue stained gels after differential extraction with chloro-elution of EmrE was detected. The main peak was collected but special care was taken not to include the last 10% of the peak, form/methanol (Fig. 1 C, lane B) . EmrE is differentially extracted with this solvent mixture and, therefore, highly purified since it contained a number of impurities such as a small peptide with an apparent molecular mass of 4 kDa and a polypeptide (compare with membranes in Fig. 1 C, lane A) . Using EmrE specifically labeled with [
35 S]methionine, we have estimated the with a mobility slightly lower than EmrE. At this stage, EmrE is homogeneous and pure as determined from amino-acid seefficiency of extraction to be approximatly 80% ( Table 1) . The total amount of membrane proteins extracted is less than 4% quencing of this preparation and, as will be seen below, from analysis of the NMR spectra. For easier handling of the sample and, therefore, a purification of more than 20-fold is obtained in this step yielding a highly enriched preparation. To remove mi-and to avoid possible interference in the NMR spectra, we removed the majority of the lipids associated with EmrE. This was nor impurities, EmrE was allowed to bind to a hydroxyapatite samples were used when the old ones deteriorated as judged from the decrease in the intensity of the signals in the 15 N-HSQC spectrum.
Special spectral features. The chemical shift dispersion of the NMR resonances of EmrE is very poor and many signals are highly overlapped. The amide proton resonances, for example, are confined to a spectral region of only 1.7 ppm, extending over 7.3Ϫ9.0 ppm. Also, all but one of the HA protons resonate in the small spectral range of 3.6Ϫ4.7 ppm. Obtaining the highest possible resolution was therefore crucial for success in the NMR work, as was a careful optimization of every step in the processing of the spectra. To achieve a maximum resolution as well as sensitivity, we recorded almost all spectra at 750 MHz. Fig. 2 shows the 15 N-HSQC spectrum of [U-15 N]EmrE. Many signals overlap, especially in the small region 118Ϫ 121.5 ppm in F 1 and 7.8Ϫ8.5 ppm in F 2 that contains about 40% of the backbone amide resonances. In addition, a substantial variation in line width and peak intensity is apparent in this spectrum. The broad and very weak NMR signals were later also very low.
Assignment strategy. Only 60% of the expected residues were achieved with a size-exclusion column, Sephadex LH-20, and observed in the 15 N-TOCSY-HSQC spectrum. For most other the results are shown in Fig. 1 B. In this step, EmrE eluted very residues giving rise to a signal in the 15 N-HSQC, not even diagoclose to the void volume while the bulk of the phospholipids nal peaks were visible in the 3D-TOCSY. On the other hand, were retarded enough to allow for separation without significant each of the 105 amide protons showed several cross-peaks in loss of material (85% yield in this step, see Table 1 ). The peak the 15 N-NOESY-HSQC spectra, although with significantly containing EmrE was dried down as described under Materials lower intensity for those residues which showed no peaks in the and Methods taking the precautions described in detail pre-TOCSY spectrum. Because of the lack of information, we were viously [45] . At this stage, purified EmrE was reconstituted in not able to perform the sequential assignment from these two membrane vesicles and tested for ∆pH-dependent [
14 C]methyl spectra according to the commonly used strategy [46] . viologen uptake. Rates of about 800Ϫ1500 nmol · min Ϫ1 · mg To circumvent these problems, we recorded an HNHA protein
Ϫ1
(at pH 8.5, methyl viologen concentration of spectrum, known to be less sensitive to chemical exchange pro-18.75 µM) were observed (for an example see Fig. 1 D) .
cesses than experiments based on the TOCSY transfer. The cross-peak intensity in an HNHA spectrum depends on the 3 J NH-HA coupling constants which are expected to be comparaSample preparation. Our initial NMR experiments were designed to optimize protein solubility at the concentrations and tively low for residues in helices, and on the HSQC peak intensity. Nevertheless all of the residues of the problematic helices temperatures required for recording NMR spectra. Achieving reproducible solubility and stability at these concentrations was showed cross-peaks in this spectrum, although some were very weak. Based on this data, we were able to assign all HA proton difficult and required some compromises. Several uniformly 15 N-labeled samples were prepared to optimize the conditions resonances. Also more than 90% of the Hβ protons could be assigned from an HNHB spectrum. Sequence-specific assignwith respect to sample stability, resolution and signal intensity by recording 15 N-HSQC spectra. Various solvent mixtures, pH, ment of spin systems was achieved using interresidual NOEs. Due to the highly helical nature of the protein, the 15 N-NOESYsalt composition and concentrations were tested. Finally stable protein concentrations as high as 15 mg/ml have been achieved HSQC spectrum shows a large number of d NN (i,iϩ1) connectivities between sequential amides, although many of them overlap. in a mixture of chloroform/methanol/water (6 :6:1, by vol.) including 200 mM ammonium acetate pH 6.2. During all sample Ambiguities due to overlapping or low-intensity signals were reduced by careful inspection of the whole NOE pattern, taking manipulations, we observed a loss of signal intensity for the 15 N-HSQC peaks with every step, even for samples kept at experi-into account the large number of d AN (i,iϩ1) and d AN (i,iϩ3) connectivities as well as NOEs from amide protons to sidechain mental conditions. After a few weeks, NMR signals are no longer observable and the sample shows no biological activity, protons of adjacent amino acids, as shown in Fig. 3 . Additionally the spin systems and typical chemical shifts of some amino although no visible precipitation occurs and the protein seems to be completely dissolved. The signals in the 15 N-HSQC spectrum acids, such as glycine and alanine, were taken into account in comparison with their known position in the protein sequence. vanish within several days without changing their shape or position and without any new resonances appearing. By optimizing Based on this strategy, it was possible to achieve complete sequential assignment for all residues with exception of proline. the sample conditions, we managed to slow down this process sufficiently to give us almost stable sample conditions for the Assignment of backbone 13 C resonances was attempted in order to allow comparison of CA and CϭO chemical shifts to duration of an NMR experiment. In general, every sample could be used for recording NMR spectra for a term of one or two random coil values. In addition, assignment of both backbone and sidechain 13 C resonances would allow the analysis of 13 Cweeks. This is quite a short time for an NMR structure determination, but it is sufficient to record 2D and 3D spectra. Fresh edited NOESY spectra. Such spectra would be very helpful for JNH-HA Ͼ 4.5 Hz. The results of the hydrophobicity analysis are also listed, and position of the helices determined in this study marked as TM1ϪTM4. The previously predicted helical regions do not completely match the helical assignments based upon our NMR results, especially for helix TM1, which has an additional amphipathic part.
achieving additional structural information, especially for eval-sler, H., unpublished results). The deviation of chemical shift for the HN, HA, CA resonances for EmrE from these values is shown uation of interhelical long-range contacts. In order to achieve an assignment for the backbone 13 C resonances, we recorded a 3D in Fig. 5 . As CϭO random coil shifts were not determined in this study, we show a comparison with the shift values from [38] HNCO and a 3D HNCA experiment with a uniformly 13 C/ 15 Nlabeled sample. Unfortunately, in these spectra again we ob-in this figure. Amide proton, CϭO and especially CA resonances are shifted upfield, whereas HA protons are shifted downfield served only very weak signals for residues of the helices TM2 and TM3. We were therefore able to assign only approximately almost throughout the entire sequence, indicating a helical structure. The chemical shift values approach the random coil values 80% of the backbone 13 C resonances, mainly for the residues of helices TM1 and TM4. The HNCA additionally allowed us to at the end of the sequence and in the areas where loops or turns between the helices are expected. confirm the sequential assignments in cases where an interresidual and a sequential CA peak were visible. Additional 1 H as well The exact positions of the beginnings and ends of the helices could be determined only from a combination of sequential as a partial 13 C sidechain assignment was achieved from an HCCH-TOCSY experiment, recorded with a uniformly 13 C/ 15 N-NOEs, chemical shift information, coupling constants and an extensive consideration of all available NOE connectivities. The labeled sample and from an H(CCO)NH and a C(CCO)NH spectrum, recorded with a 75% deuterated and uniformly 13 C/ first residue of helix TM1 cannot be determined precisely from sequential and medium-range NOE connectivities alone. Due to 15 N-labeled sample.
the extremely high overlap of the HA residues of Tyr4, Leu7, Evaluation of secondary structure. Information about second-Gly8, Gly9 and Ala10 it is not possible to assign typical sequenary structure from NMR data can be obtained from a qualitative tial and medium-range NOE connectivities for these residues. analysis of NOE interactions and 3 J NH-HA coupling constants [46] . The first sequential d AN (i,iϩ3) NOE that could be assigned un- Fig. 4 summarises the observed NOE connectivities and cou-ambiguously was from Ile11 to Gly8. Although residues 4Ϫ6 pling constants for EmrE. A specific pattern of sequential and show comparatively high coupling constants, inconsistent with medium-range NOE cross-peaks and coupling constant charac-a helical secondary structure, the chemical shift deviation clearly teristic of A-helices is observed, i.e. strong d NN (i,iϩ1), d AN (i,iϩ3) indicates that they are part of the helix. Chemical shift deviaand in some cases d Aβ (i,iϩ3) and d AN (i,iϩ4) NOEs and 3 J NH-HA tions also show a disruption in the helix for Gly8 and Gly9, not coupling constants below 4.5 Hz. This pattern defines four heli-surprisingly as sequential Gly residues are not likely to particices of approximately equal length, and can be established de-pate in an ideal A-helix. Thus it seems likely that the first helix spite the overlap of many signals. In fact, more problems were begins at Tyr4, although it may be irregular in nature over its encountered in characterising the loop or turn regions between first four residues. the helices.
Thr28 is the last residue of TM1. It shows d AN (i,iϩ3) connecSecondary structure elements are commonly confirmed by tivities to the preceding turn of the helix, especially to Glu25, characteristic deviations of backbone 1 H and 13 C chemical shifts whereas such signals are missing for the following two residues. from their random coil values [47, 48] . However, available ran-TM2 begins at or just after Pro32 as established by d AN (i,iϩ3) dom coil chemical shifts have been obtained from reference pep-connectivities. The determination of the position of the loop betides and proteins dissolved in water. As chemical shifts strongly tween the helices TM2 and TM3 was difficult, although it is depend on solvent conditions, we developed our own shift refer-clear that helix TM2 reaches at least to Tyr53. Because of high ence measuring the peptides (Boc-Gly-Gly-Xaa-Leu-Gly-Me) in spectral overlap it was not possible to decide if Ile54 is the last residue of this helix or if it is part of the small loop region chloroform/methanol (1 :1) (Schwaiger, M., Riemer, C. and Kes- Backbone dynamics. The dynamic behaviour of a protein can be probed by means of heteronuclear 15 N{ 1 H}-NOE and T 1 and T 2 relaxation experiments. While precise relaxation measurements are still in progress, we present here a preliminary discussion of motional behavior based upon a qualitative analysis of 15 N heteronuclear NOE measurements at 76.01 MHz 15 N frequency, shown in Fig. 6 .
As shown the 15 N{ 1 H}-NOE approaches its theoretical maximum value for all transmembrane helices (TM1Ϫ4), indicating that these secondary structure elements are not flexible on a time scale faster than 2 ns. Although signal intensities for TM2 and TM3 generally are very low and the derived 15 N{ 1 H}-NOE values are consequently subject to rather high errors, Fig. 6 still shows that they cannot lie far below their theoretical maximum value. In contrast, the 15 N{ 1 H}-NOE drops significantly in the loop between TM3 and TM4 and even becomes negative towards the C-and N-terminal residues, indicating motional flexibility for these regions on an intermediate time scale between 2 ns and the extreme narrowing limit of around 100 ps.
DISCUSSION
Solvent system. First, some remarks should be made on the choice of solubilization medium. In general two alternatives are given for studying membrane proteins in an isotropic environment for obtaining high-resolution NMR spectra: detergent micelles and organic solvents [11] . Detergent micelles are clearly restricts the use of detergents to comparatively small proteins, as the largely increased transverse T 2 relaxation diminishes sensitivity of multidimensional NMR experiments.
The use of organic solvents as a membrane mimetic circumbetween TM2 and TM3. The first d AN (i,iϩ3) connectivity assigned unambiguously to establish the beginning of TM3 is from vents these problems and allows an investigation of somewhat larger proteins by well known solution NMR methods. Though Tyr60 to Gly57.
Helix TM3 shows an NOE pattern typical for an A-helix up this approach has been used successfully in studies of peptide sequences of bacteriorhodopsin [9] and on subunit c of F 1 F 0 ATP to residue Trp76. However, Gly77 seems to initiate the transition between a regular A-helix and a looser helical turn, which is synthase [4Ϫ6], their use is still controversial. It is well known that solvent systems like trifluoroethanol/water can induce or connected to a flexible loop region between Gly80 and Asp84. The residues in this region show some NOEs that are strong stabilize helices [52] , disturb tertiary contacts and induce nonnative conformations [53] under unfavourable conditions. The use indicators for helices, i.e. a d Ab (i,iϩ3) NOE between Trp76 and Phe79, whereas others, also expected for an A-helix such as of organic solvent systems will therefore not be generally applicable to all integral membrane proteins, especially in cases d AN (i,iϩ3) connectivities between Ser75 and Phe78 and between Leu74 and Gly77, are missing. The last helix is clearly defined where substantial hydrophilic domains are present in addition to the apolar transmembrane sequences, and solvent conditions and begins at residue Leu85 and ends at residue Ser106. In summarizing, the four helices can be described as follows: 4Ϫ26 have to be adjusted very carefully [13] . However, mixtures of chloroform/methanol, especially if they contain some water, and (TM1), 32Ϫ53 (TM2), 58Ϫ76 (TM3) and 85Ϫ106 (TM4). certain mixtures of trifluoroethanol/water, seem to provide a sufficiently to allow the acquisition of multidimensional NMR spectra without significant changes in sample conditions during proper environment for a native-like folding of some membranebound peptides and proteins. Very similar structures were ob-one experiment. This was ensured by recording 2D
15 N-HSQC spectra before and after every longer experiment and comparing served in some comparative studies [9, 54, 55] and for subunit c of F 1F0 ATPase it was shown that the protein is folded in a signal intensities and chemical shift values.
EmrE was expected to have a predominantly A-helical strucway which retains biochemical properties observed in the native F 0 complex [5] .
ture [23] . Additionally, due to the highly hydrophobic character of the transmembrane helices, the protein has more hydrophobic We recently studied the properties of chloroform/methanol mixtures by extensive molecular dynamics calculations [56] and less polar, charged or aromatic residues than typical watersoluble proteins. The low dispersion of chemical shifts and the which exhibited dynamic clustering of the individual solvents. Clusters of about 10 Å are formed at room temperatures and extremely high spectral overlap observed for EmrE are therefore, for a protein of uniform amino acid composition and secamphiphilic molecules are specifically solvated. The analysis of the molecular dynamics trajecory showed that polar groups are ondary structure, not very surprising. Assignment problems are particularly difficult for methyl groups. As they play a crucial statistically more surrounded by methanol and lipophilic groups by chloroform. These properties of the solvent can explain the role in forming the tertiary contacts between the helices, their assignment would be highly desirable for determination of longsolvation of transmembrane proteins. Such solvent mixtures are, for a membrane protein, far more realistic than studies in water range constraints necessary for a proper structure calculation.
The amino-acid composition of EmrE is very rich in a small and the structure can correspond to the biologically functional molecule as long as there is no specific requirement for an aniso-subset of residue types (Leu, Ile, Val, and Ala), each of them containing one or two methyl groups, leading to a total number tropic environment with polarity separated by nonpolar environment of the thickness of a membrane. of 92 methyl groups. As they all resonate in a very small spectral range, it was impossible to resolve their signals in a convenHowever, it is, in principle, impossible to test the activity of a transport protein in an isotropic environment and therefore tional 13 C-edited spectrum. Multiquantum filtering techniques which select only methyl group resonances allow the detection provide definite evidence about how well the determined solution conformation represents the protein's native and active of a smaller spectral range with a much higher resolution and therefore seemed to provide a solution for this problem. Thereform. However, there are some indications for the relevance of the conformation of EmrE in the current solvent system. a) The fore we developed new pulse sequences for a selective detection of NOEs from methyl groups [58] . Although these experiments protein retains biological activity after reconstitution into proteoliposomes and therefore is not irreversibly denatured. Real dena-are optimized to achieve highest spectral resolution and provide a valuable tool for obtaining structural data for methyl groups turation of EmrE, which easily occurs with unfavourable solvent conditions, high temperature and sample aging, on the other in other proteins, it was still impossible to resolve the extremely overlapped methyl resonances of EmrE. hand, is an irreversible process. b) The chemical shift values of the backbone protons and carbons show significant and characAnother problem was that the amide protons of residues TM2 and TM3 show very weak and broad resonances. Possible teristic deviations from the random coil shifts, indicating an Ahelical secondary structure. Also a high number of d NA (i,iϩ3) reasons for line broadening could either be a very long molecular rotational correlation time due to protein oligomerisation or and d NA(i,iϩ4) NOEs, as well as small 3 JNH-HA coupling constants confirm the existence of a folded protein. c) It was shown by contributions to the transversal relaxation time due to conformational exchange processes. If the line broadening is due to contransmission Fourier-transform infrared experiments that the protein adopts the same highly helical secondary structure both formational exchange processes, then the line width should depend on the magnetic field strength. This was not observed, nor in Myr 2 GroPCho vesicles and in the organic solvent mixture [23] .
did we see any improvement upon using HSQC experiments designed to suppress exchange processes [59] . Also the fact that These points emphasize that the protein retains at least the secondary structure present in the native state. Indications that peaks were observed in COSY-type experiments like the HNHA and the HNHB, but not in TOCSY-type experiments argues these secondary structure elements are bound together in a compact tertiary structure could be given from long-range NOE con-against conformational exchange broadening. We therefore suspect that the line broadening is due to T 2 relaxation, although to tacts or from distance measurements from paramagnetic spinlabeling experiments, as was done for subunit c from F 1 F 0 ATP date we cannot explain the big differences in relaxation properties between the particular helices. Up to now accurate T 2 measynthase [5] . Because of the extremly high spectral overlap, it has not yet been possible to assign unambiguously such long-surements are not available, but big differences in T 2 relaxation could be possible only if overall motions of the molecule are range contacts between the helices from the NOESY spectra for EmrE.
considerably anisotropic. These issues are currently being studied in more detail by relaxation time measurements in various fields. Sample conditions and special spectral features. Although the solvent system seems to provide a feasable environment for At this point it is interesting to note that similar processes were observed for the residues of a four-helical bundle of bacteproper protein folding, no long-term sample stability was achieved over more than one week. As the NMR signals slowly riorhodopsin dissolved in methanol/chloroform (1 :1) in a previous study [10] and seem to be an intrinsic property of membrane disappear without changing their position and without any new signals appearing, the degenerated protein must form a confor-proteins dissolved in organic solvents. mation that is invisible to NMR spectroscopy, but soluble in the solvent mixture. It is well known from the literature that mem-Secondary structure. Hydrophobicity calculations and theoretical considerations suggest that EmrE consists of four transmembrane proteins can aggregate under unfavorable conditions and also on sample aging by formation of extensive soluble β-sheet brane helices (residue 4Ϫ21, 32Ϫ52, 58Ϫ79, and 85Ϫ106). The results of secondary structure analysis presented in this work are aggregates [57] . This leads to disappearance of the NMR signals as the resonances of the large aggregates are too broad to be in a general agreement with these predictions, although some significant differences occur, especially for TM1. This helix apseen due to the extremely short T 2 relaxation times [11] . Despite these problems, we were at least able to stabilize the samples pears to be longer than predicted, extending to residue 26. It is dation. The authors would like to thank M. Eberstadt for help with initial interesting to note that the additional part of the TM1 helix (22Ϫ measurements and R. Peteranderl and T. Diercks for helpful discussions.
